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The relationship between glucose control and cardiovascular outcomes in type 2 diabetes has been a matter of 
controversy over the years. Although epidemiological evidence exists in favor of an adverse role of poor glucose 
control on cardiovascular events, intervention trials have been less conclusive. The Action to Control Cardiovascular 
Risk in Diabetes (ACCORD) study, the Action in Diabetes and Vascular Disease (ADVANCE) study, and the Veterans 
Affairs Diabetes Trial ( VADT) have shown no beneficial effect of intensive glucose control on primary cardiovascular 
endpoints in type 2 diabetes. However, subgroup analysis has provided evidence suggesting that the potential 
beneficial effect largely depends on patients' characteristics, including age, diabetes duration, previous glucose 
control, presence of cardiovascular disease, and risk of hypoglycemia. The benefit of strict glucose control on 
cardiovascular outcomes and mortality may be indeed hampered by the extent and frequency of hypoglycemic events 
and could be enhanced if glucose-lowering medications, capable of exerting favorable effects on the cardiovascular 
system, were used. This review examines the relationship between intensive glucose control and cardiovascular 
outcomes in type 2 diabetes, addressing the need for individualization of glucose targets and careful consideration 
of the benefit/risk profile of antidiabetes medications. 
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Introduction 

Cardiovascular disease (CVD) is the major cause 
of death in patients with type 2 diabetes (T2D), 
as more than 60% of T2D patients die of my- 
ocardial infarction (MI) or stroke, and an even 
greater proportion of patients have serious burden- 
some complications. 1 The impact of glucose low- 
ering on cardiovascular complications is a hotly 
debated issue. The United Kingdom Prospective Di- 
abetes Study (UKPDS) was the first clinical trial to 
provide key evidence of the importance of using in- 
tensive therapy for diabetes control in individuals 
with newly diagnosed T2D. However, although the 
insulin or sulphonylurea-based intensified glucose- 
control treatment was effective in reducing the risk 



of major microvascular endpoints, the effects on 
CVD risk were modest and did not reach statisti- 
cal significance. 2 Recent large clinical trials (often 
referred to as "megatrials"), the Action in Diabetes 
and Vascular Disease (ADVANCE), 3 Action to Con- 
trol Cardiovascular Risk in Diabetes (ACCORD), 4 
and the Veterans Affairs Diabetes Trial (VADT), 5 
reported no significant decrease in primary cardio- 
vascular endpoints with intensive glucose control. 

In the ADVANCE study, 11,140 type 2 diabet- 
ics were randomly assigned to receive either stan- 
dard or intensive glucose control, defined as the 
use of gliclazide plus any other drug required to 
achieve a glycosylated hemoglobin (HbAi c ) level of 
6.5% or less (Table l). 3 After a median follow-up of 
5.0 years, the mean HbAi c was lower in the 
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Table 1 . Age, diabetes duration, median follow-up, HbA lc values, and outcomes in the ACCORD and ADVANCE 
studies and the VADT 



Study 



Diabetes HbAlc (%): 

duration (year): Median intensive 

Age intensive follow-up History versus 

(year) versus standard (year) of CVD standard 



Primary endpoint 



Primary All-cause 
endpoint HR mortality HR 

(95% CI) (95% CI) 



ACCORD 62.2 ±6.8 10 vs. 10 
(n = 10,251) 

ADVANCE 66 ±6.0 8.0 ±6.4 vs. 

(n = 11,140) 7.9 ±6.3 



VADT 

(«= 1,791) 



60 ±9.0 11.5 ±8 vs. 

11.5 ± 7 



3.4 35% 6.4vs.7.5 Nonfatal MI, nonfatal 0.90 (0.78-1.04) 1.22 (1.01-1.46) 
stroke, or death from 
CVD 

5.0 32% 6.53 ±0.91 vs. Death from 0.94 (0.84-1.06) 0.93 (0.83-1.06) 

7.30 ±1.26 cardiovascular causes, 
nonfatal MI, or 
nonfatal stroke 

5.6 40% 6.9 vs. 8.4 MI, stroke, death from 0.88 (0.74-1.05) 1.07 

CVD, CHF, surgery for (0.81-1.42) 
vascular disease, 
inoperable CAD, or 
amputation for 
ischemic gangrene 



intensive control group (6.5% vs. 7.3%), with a 
reduction in the incidence of combined major 
macrovascular and microvascular events primarily 
because of a reduction in the incidence of nephropa- 
thy. There were no significant effects of the inten- 
sive glucose control on major macrovascular events, 
death from cardiovascular causes, or death from any 
cause. Similarly, in the VADT, 1,791 suboptimally 
controlled type 2 diabetics, 40% with established 
CVD, were randomized to receive either intensive 
glucose control, targeting an absolute reduction of 
1.5% in HbAi c levels, or standard glucose control 
(Table l). 5 After a median follow-up of 5.6 years, 
HbAi c was lower in the intensive-therapy group 
(6.9% vs. 8.4%). Nevertheless, there was no sig- 
nificant difference between the two groups in the 
incidence of major cardiovascular events, or in the 
rate of death from any cause. ACCORD was another 
study designed to determine whether intensive glu- 
cose control would reduce the rate of cardiovas- 
cular events (Table l). 4 In this study, 10,251 type 
2 diabetics with median baseline HbAi c of 8.1% 
were randomly assigned to receive either intensive 
therapy targeting an HbAi c level within the normal 
range, that is, below 6.0%, or standard therapy tar- 
geting HbA^ between 7.0% and 7.9%. The primary 
outcome was a composite of nonfatal MI, nonfatal 
stroke, or death from cardiovascular causes. Even 
though the rate of nonfatal MI was significantly 
lower in the intensive therapy arm, the finding of 
higher all-cause and cardiovascular cause mortal- 



ity in this group led to discontinuation of the in- 
tensive therapy after a mean follow-up of 3.5 years 
(Fig. 1). Notably, hypoglycemia requiring assistance 
and weight gain of more than 10 kg were more fre- 
quent in the intensive therapy group. The results 
of the ACCORD study raised concern about not 
only the effectiveness but also the safety of inten- 
sive glycemic control in type 2 diabetics. Prespec- 
ified subgroup analysis of the participants in this 
trial suggested that patients in the intensive group 
without history of cardiovascular event before ran- 
domization or whose baseline HbAi c level was 8.0% 
or less may have had fewer fatal or nonfatal car- 
diovascular events than did patients in the standard 
therapy group. 

Several recent meta-analyses of randomized con- 
trolled trials have also investigated the effects of 
intensive glucose lowering on all-cause mortal- 
ity, cardiovascular death, and vascular events in 
T2D. 6 ~ 10 In the largest and most recent meta- 
analysis by Boussageon et ah, 13 studies were in- 
cluded. 6 Of the 34,533 patients evaluated, 18,315 
received intensive glucose-lowering treatment and 
16,218 standard treatment. Intensive treatment 
did not significantly affect all- cause mortality or 
cardiovascular death. The results of this meta- 
analysis showed limited benefit of intensive glucose- 
lowering therapy on all-cause mortality and deaths 
from cardiovascular causes, and a 10% reduction 
in the risk of microalbuminuria. 6 Results from 
other meta-analyses have also shown no effects of 
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Figure 1. Effects of intensive glucose control on all-cause 
and cardiovascular mortality and myocardial infarction in the 
ACCORD study. CV, cardiovascular. *P < 0.05. Adapted from 
Ref. 4. 

intensive glucose control on all-cause or cardiovas- 
cular mortality, while indicating a modest 15-17% 
reduction in the incidence of nonfatal MI in these 
cohorts. 7-10 

Several potential factors could have contributed 
to limit the potential benefit of intensive glucose- 
lowering therapies on CVD prevention in T2D in- 
dividuals in studies such as the ACCORD and AD- 
VANCE and the VADT: 

(1) Concomitant targeting of other potentially 
more potent cardiovascular risk factors, such 
as blood pressure and lipids, might have 
dampened the favorable effects of controlling 
hyperglycemia. 

(2) Intensive control of hyperglycemia could have 
been directed to patients unable to exhibit the 
expected benefit due to their specific clinical 
characteristics ("wrong" patients). 

(3) Limited benefit might have derived from using 
glucose-lowering drugs with no favorable im- 
pact on the global cardiovascular risk profile. 

(4) Glucose-lowering drugs might have produced 
adverse effects on the cardiovascular system 
by inducing weight gain and hypoglycemic 
events, resulting in somewhat increased risk 
for CVD and mortality ("imperfect" drugs). 

(5) Excess mortality might have potentially re- 
sulted from using too many drugs and/or too 
complex drug regimens, leading to undesir- 
able drug-drug interactions with a potentially 
harmful impact on patients' health. 

These diverse factors and their potential role in 
the relationship between intensive glucose control 
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and CVD/mortality are outlined in Figure 2, and 
will be discussed individually below. 

Limited benefit due to other therapies 

Although several studies have focused on intensive 
glycemic control to decrease the risks of macrovas- 
cular and microvascular diseases in T2D, glucose 
control is only one of the factors to be considered. 
Comprehensive risk factor management, including 
blood pressure control, lipid management, weight 
reduction in overweight or obese individuals, and 
smoking cessation, are also needed. The results of 
the ACCORD and ADVANCE studies and the VADT 
should be interpreted in the context of comprehen- 
sive care of patients with diabetes. Interventions for 
simultaneous optimal control of comorbidities of- 
ten present in type 2 diabetics, such as hyperten- 
sion and hyperlipidemia, have been shown to be 
a more effective strategy in reducing cardiovascular 
risk than targeting only blood glucose levels per se. 1 1 
Evidence for an aggressive approach to lipid and 
blood pressure control was supported by the re- 
sults from the Steno-2 study 11,12 In Steno-2, inves- 
tigators used intensified multifactorial intervention 
with improved glycemia, renin-angiotensin system 
blockers, aspirin, and lipid-lowering agents and 
evaluated whether this approach would have an ef- 
fect on the rates of death from cardiovascular causes 
and from any cause. 11 ' 12 The primary endpoint at 
13.3 years of follow-up was the time to death from 
any cause. Intensive therapy was also associated with 
a significantly lower risk of death from cardiovascu- 
lar causes and of cardiovascular events. The Steno- 
2 study did demonstrate a difference in levels of 
glycemia achieved when compared with the AC- 
CORD study: 4 - 1 1 HbA ic was a mean of 8.4% at study 
entry and 7.9% at end of study intervention for the 
intensively treated group, whereas it was 8.8% at 
baseline and 9.0% at study end for conventional 
treatment. In addition, only a limited proportion 
of subjects in the intensively treated group reached 
an HbAi c level of less than 6.5% (i.e., ~15%), and 
this proportion was not statistically different than 
in the conventionally treated group, indicating poor 
success in achieving the prespecified glucose target 
and somewhat reducing the relevance of the spe- 
cific intervention on the hyperglycemia component 
for CVD and microvascular disease prevention. The 
observational study has continued, and the differ- 
ences observed in glycemia between intensive and 
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Figure 2. Relationship between intensive glucose control and cardiovascular outcomes and mortality in the ACCORD study and 
other megatrials. The potential mechanisms affecting this relationship and limiting the clinical benefit are outlined in the box on 
the left. CV, cardiovascular; CVD, cardiovascular disease. 



conventional treatments are much less than at end 
of intervention. Nevertheless, over the long-term 
period of follow-up, intensive intervention with a 
varied drug regimen and lifestyle modification had 
sustained beneficial effects with respect to vascular 
complications and rates of death from any cause and 
from cardiovascular causes. 12 

Blood pressure 

The ACCORD study also had an embedded blood 
pressure trial that examined whether blood pressure 
lowering to systolic blood pressure (SBP) less than 
120 mm Hg provided greater cardiovascular protec- 
tion than a SBP of 130-140 mm Hg in T2D patients 
at high risk for CVD. 13 A total of 4,733 participants 
were randomly assigned to intensive therapy (SBP 
< 120 mm Hg) or standard therapy (SBP < 140 mm 
Hg), with the mean follow-up being 4.7 years. The 
blood pressure levels achieved in the intensive and 
standard groups were 119/64 mm Hg and 133/70 
mm Hg, respectively; this difference was attained 
with an average of 3.4 medications per participant 
in the intensive group and 2.1 in the standard ther- 
apy group. The intensive antihypertensive therapy 
in the ACCORD blood pressure trial did not consid- 
erably reduce the primary cardiovascular outcome 
or the rate of death from any cause. However, the 
intensive arm of blood pressure control reduced the 
rate of total stroke and nonfatal stroke, with the 



estimated number needed to treat with intensive 
blood pressure therapy to prevent one stroke over 
five years being 89. There were indicators of possi- 
ble harm associated with intensive blood pressure 
lowering (SBP < 120 mm Hg), including a rate 
of serious adverse events in the intensive arm. It 
should be noted that of the subjects investigated in 
the ACCORD glucose control trial ~85% were on 
antihypertensive medications, and their blood pres- 
sure levels were 126.4/66.9 and 127.4/67.7 in the 
intensive and standard groups, respectively, a differ- 
ence that was statistically significant (P < 0.001) 
(Table 2). 4 Thus, the effects of intensive glucose 
lowering on the CVD and other outcomes were ex- 
amined in a context in which blood pressure was 
being actively targeted, with possible differences 
between the intensively and conventionally treated 
cohorts. 

The ADVANCE study also included a blood pres- 
sure intervention trial. In this study, treatment with 
an angiotensin converting enzyme (ACE) inhibitor 
and a thiazide-type diuretic reduced the rate of 
death but not the composite macrovascular out- 
come. However, this trial had no specified targets 
for the randomized comparison, and the mean SBP 
in the intensive group (135 mm Hg) was not as low 
as the mean SBP in the ACCORD standard-therapy 
group. 14 However, a post hoc analysis of blood pres- 
sure control in 6,400 patients with diabetes and 
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Table 2. Blood pressure and lipid levels and use of statin, antihypertensive medications, and aspirin in the ACCORD 
and ADVANCE studies and the VADT participants at study end (adapted from Refs. 3-5) 

ADVANCE 









In — 


1 1,140)* 


VA DT In — 


1 791 V 


Standard 


Intensive 


Standard 


Intensive 


Standard 


Intensive 


Blood pressure (mm Hg) 














Systolic 


128 ± 16 


126 ±17 


137 ± 18 


135 ±17 


125± 15 


127 ± 16 


Diastolic 


68 ± 10 


67 ± 10 


74 ± 10 


73 ± 10 


69 ± 10 


68 ± 10 


Cholesterol (mg/dL) 














LDL 


87 ± 33 


87 ± 33 


103 ±41 


102 ± 38 


80 ± 31 


80 ± 33 


HDL 


49± 13(cT) 


49 ± 13(o") 


48 ± 14 


48 ± 14 


41 ± 12 


40± 11 




40± 11($) 


40 ± 10($) 










Total 


164 ±42 


163 ±42 






153 ±40 


150 ±40 


Triglycerides (mg/dL) 


166± 114 


160 ± 125 


161 ±102 


151 ±94 


159 ± 104 


151 ± 173 


On statin (%) 


88 


88 


48 


46 


83 


85 


On antihypertensive 


85 


83 


89 


88 


75 


76 


medications (%) 














On aspirin (%) 


76 


76 


55 


57 


85 


86 



"Intensive (target HbA lc < 6%) vs. standard (HbA lc 7-7.9%). 
'intensive (target HbAi c < 6.5%) vs. standard (HbAi c > 6.5%). 
"Intensive (target HbAi c 4.8-6.0%) vs. standard (HbAi c 8-9.0%). 

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; cf , men; $, women. 



coronary artery disease enrolled in the International 
Verapamil/Trandolapril Study (INVEST) demon- 
strated that tight control (<130 mm Hg) was not 
associated with improved cardiovascular outcomes 
compared with usual care (130-140 mm Hg). 15 

In the VADT, blood pressure, lipids, diet, and 
lifestyle were treated identically in both arms. By 
improving blood pressure control in an identical 
manner in both glucose arms, the VADT excluded 
the effect of blood pressure differences on cardiovas- 
cular events between treatment arms and reduced 
the overall risk of macrovascular complications dur- 
ing the trial. 5 Participants in the VADT (n — 1,791) 
with hypertension (72.1% of total) received stepped 
treatment to maintain blood pressure below the tar- 
get of 130/80 mm Hg in standard and intensive 
glycemic treatment groups. Blood pressure levels of 
all subjects at baseline and on-study were analyzed 
to detect associations with cardiovascular risk. The 
primary outcome was the time from randomiza- 
tion to the first occurrence of MI, stroke, conges- 
tive heart failure, surgery for vascular disease, in- 
operable coronary disease, amputation for ischemic 
gangrene, or cardiovascular death. From data analy- 



sis, increased risk of cardiovascular events with SBP 
>140 mm Hg emphasizes the need for treatment 
of systolic hypertension. Also, this study for the 
first time demonstrated that diastolic blood pressure 
(DBP) < 70 mm Hg in T2D patients was indepen- 
dently associated with elevated cardiovascular risk, 
even when SBP was on target. 16 

Lipid profile 

It has been widely demonstrated that intensive 
targeting of low-density lipoprotein (LDL) choles- 
terol contributes to CVD prevention in T2D. As 
a consequence, most guidelines suggest a target 
LDL-cholesterol level below 100 mg/dL as the 
primary goal in T2D individuals, with the option of 
achieving an LDL-cholesterol level below 70 mg/dL 
in those with overt CVD. Regarding the overall 
lipid-lowering approach in the ACCORD glucose 
control study, it should be observed that mean 
LDL cholesterol was below 90 mg/dL in both the 
intensive and standard glucose control arms, and 
that 88% of subjects were on statin therapy. 4 Thus, 
the results from this study do not clarify whether 
lipid control and glycemic control, respectively, are 



40 



Ann. N.Y. Acad. Sci. 1281 (2013) 36-50 © 2013 New York Academy of Sciences. 



Giorgino etal. 



Intensive glucose control and cardiovascular risk 



ACCORD 



On antihypertensives 
Not On antihypertensives 

On Sains 
Not On Statins 

OnAspinn 
NolOnAspinn 




Intensive Treatment 



Standard Treatment Better 



ADVANCE 



On antihypertensives 
Not On antihypertensives 

On Statins 
Not On Statns 

OnAspinn 
Not OnAspinn 




Intensive Treatment 
Better 



Standard Treatment Beler 



Figure 3. All-cause mortality in intensive versus standard glycemia groups according to use of antihypertensive medications, 
statins, and aspirin in the ACCORD and ADVANCE studies. *P = 0.0305 for subjects on aspirin versus subjects not on aspirin. 
Adapted from Refs. 3 and 18. 



related or synergistic, since the large majority of 
enrolled subjects were already receiving a lipid 
control regimen. Data from the Steno-2 trial on 
combined control of glucose, lipids, and blood 
pressure levels demonstrated significant short- 
and long-term benefits from this multifactorial 
approach. 11 In the study, the effect seemed to be 
cumulative rather than synergistic. 

Recent results from the ACCORD-LIPID study 
indicate that intensive lipid control (i.e., addition 
of a fibrate to statin therapy) does not reduce car- 
diovascular events. 17 Specifically, the lipid-lowering 
arm of ACCORD failed to demonstrate any ben- 
efit of add-on therapy with fenofibrate to LDL- 
lowering treatment with HMG-CoA reductase in- 
hibitors (statins) on vascular outcomes in patients 
with diabetes. However, data from earlier studies 
and from a subgroup analysis of ACCORD indi- 
cate a probable benefit of adding treatment with 
fibric acid derivatives to individuals with persis- 
tently elevated triglyceride levels and low high- 
density lipoprotein (HDL) cholesterol despite statin 
therapy. 17 



In the ACCORD and ADVANCE studies and 
the VADT, a large proportion of subjects, ranging 
from 55% to 85%, were also treated with aspirin 
(Table 2). Thus, results from ADVANCE, ACCORD, 
and VADT suggest that a large proportion of par- 
ticipants in these trials, which were being treated 
intensively or less intensively for glucose targets, 
received extensive antihypertensive, lipid-lowering, 
and antiplatelet medications. Median levels of SBP, 
SDP, and LDL cholesterol in these cohorts were also 
indicative of a significant proportion of them be- 
ing adequately controlled for blood pressure and 
lipid targets (Table 2). Therefore, the possibility ex- 
ists that active interventions for simultaneous con- 
trol of hypertension and hyperlipidemia and use of 
aspirin may have affected the impact of intensive 
glucose control on cardiovascular outcomes in the 
megatrials. Subgroups analyses, however, do not ap- 
parently support this conclusion (Fig. 3). Whether 
patients were on antihypertensive or lipid-lowering 
medications was not associated with a different out- 
come of the intensive glucose control on mortality 
in ACCORD and ADVANCE patients, even though 
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the different groups were largely unbalanced in size. 
Only aspirin use in the ACCORD study seemed to 
modulate the effects of intensive versus standard 
glucose control on mortality. 18 

The "wrong patient" concept and the need 
for individualization of glucose targets 

The ADVANCE and ACCORD studies and the 
VADT provide conflicting evidence of mortality risk 
with intensive glycemic control. These trials showed 
an approximate 15% reduction in nonfatal MI with 
no benefit or harm in all-cause or cardiovascular 
mortality. Potential explanations for the lack of im- 
pact of intensive glycemic control on CVD can be 
found in the patients' characteristics. Indeed, these 
studies were of shorter duration and enrolled gener- 
ally older patients than previous studies, including 
the DCCT and UKPDS in which the intensive con- 
trol had shown better outcomes. In addition, mean 
diabetes duration was longer and a greater portion 
of patients had established CV disease in the mega- 
trials (approximately 32-40%) than in earlier trials 
(Table 1). It is also possible that the follow-up of 
these studies was too short to detect a clinical ben- 
efit. Consistent with this hypothesis, in the UKPDS 
no macrovascular benefit was noted in the inten- 
sive control arm in the first 10 years of follow-up. 
Nevertheless, posttrial monitoring for an additional 
10 years (UKPDS 80) revealed a 15% risk reduction 
in MI and 13% reduction in all-cause mortality in 
the intensive treatment group. 19 

A possible explanation is that the wrong patients 
were investigated in the megatrials (Fig. 2). Indeed, 
the population of the ACCORD study may not rep- 
resent the average patient with T2D in clinical prac- 
tice. Participants in this trial had T2D on average 
for 10 years at the time of enrollment, had higher 
HbAi c levels than most type 2 diabetic patients in 
the United States and most Western countries to- 
day (average of 8.2% at baseline), and had known 
heart disease or at least two risk factors in addi- 
tion to diabetes, such as high blood pressure, high 
cholesterol levels, obesity, and smoking. 4 In the 
UKPDS, the benefits of intensive glycemic control 
on CVD were observed only after a long duration of 
intervention in newly diagnosed younger patients. 2 
In older patients with T2D with longer disease dura- 
tion, atherosclerotic disease may already have been 
established and thus intensive glucose control may 
have had little benefit. Conversely, patients with 



shorter disease duration, lower HbAi c , and/or lack 
of established CVD might have benefited signifi- 
cantly from more intensive glycemic control. 20 ' 21 
Relevant to this concept, the VADT showed that ad- 
vanced CVD, as demonstrated by computed tomog- 
raphy (CT ) - detectable coronary artery calcium, was 
associated with negative outcomes. In a substudy co- 
hort of 301 T2D participants in VADT, the ability of 
intensive glucose therapy compared with standard 
therapy to reduce cardiovascular events was exam- 
ined based on the extent of coronary atherosclerosis 
as measured by a CT-detectable coronary artery cal- 
cium score (CAC). The data showed that there was 
a progressive diminution of the benefit of intensive 
glucose control with increasing CAC. In patients 
with CAC < 100, 1 of 52 individuals experienced 
an event (HR for intensive therapy = 0.08; range, 
0.008-0.770; P = 0.03), whereas 11 of 62 patients 
with a CAC > 100 had an event (HR = 0.74; range, 
0.46-1.20; P = 0.21). Thus, this subgroup analy- 
sis indicates that intensive glycemic therapy may be 
most effective in those with less extensive coronary 
atherosclerosis. 22 

Why does intensive treatment of hyperglycemia 
appear to be ineffective in reducing cardiovascular 
events in T2D with advanced atherosclerosis? Two 
potential mechanisms may be involved. First, once 
the atherosclerotic plaque has developed, modified 
lipoproteins, activated vascular cells, and altered im- 
mune cell signaling may generate a self-propagating 
process that maintains atherogenesis, even in the 
face of improved glucose control. Second, advanced 
glycosylation end-product formation, which may 
be involved in CVD, is not readily reversible and 
may require more than three to five years of in- 
tensive glucose control to be reverted. Thus, the 
presence of multiple cardiovascular risk factors or 
established CVD may have reduced the benefits of 
intensive glycemic control in the high-risk cohort of 
ACCORD, ADVANCE, and VADT compared with 
the low-risk population of the UKPDS cohort, of 
whom only a minority had prior CVD. 23 The pres- 
ence of long-standing disease and prolonged prior 
poor glycemic control may be additional factors ac- 
celerating the progression of atherosclerotic lesions 
in T2D. 

The goal of individualizing HbA lc targets has 
gained more attraction after these recent clinical 
trials in older patients with established T2D failed 
to show a benefit from intensive glucose-lowering 
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Table 3. Potential criteria for individualization of glucose 
targets in type 2 diabetes 2-5 ' 25 ' 29 





rlbAi c 


tjK A 

rlt>Ai c 


Criterion 


< 6.5-7.0% 


"i r\ o r\(\/ 

7.0-8.0% 


Age \ years; 


X JJ 




Difihpfp*; Hiivfitinri 

i<XYJ \~ H-o \X LltUllWtl 


<10 


>10 


(years) 






Life expectancy (years) 


>5 


<5 


Possibility to perform 


Yes 


No 


IGC for >5 years 






Usual HbA lc level (%) 


<8.0 


>8.0 


CVD 


No 


Yes 


Prone to hypoglycemia 


No 


No 


Reduction of HbAi c 


Yes 


No 


level upon IGC 







Abbreviations: CVD, cardiovascular disease; IGC, in- 
tensive glucose control. 



therapies on CVD outcomes. Recommendations 
suggest that the goals should be individualized, such 
that (1) certain populations (children, pregnant 
women, and elderly patients) require special con- 
siderations and (2) more stringent glycemic goals 
(i.e., a normal HbA ic < 6.0%) may further re- 
duce complications at the cost of increased risk 
of hypoglycemia. For the latter, the recommen- 
dations also suggest that less intensive glycemic 
goals may be indicated in patients with severe or 
frequent hypoglycemia. With regard to the less 
intensive glycemic goals, perhaps consideration 
should be given to the high-risk patient with mul- 
tiple risk factors and CVD, as evaluated in the 
ACCORD study. 4 Thus, aiming for a HbAi c of 
7.0-8.0% may be a reasonable goal in patients 
with very long duration of diabetes, history of se- 
vere hypoglycemia, advanced atherosclerosis, sig- 
nificant comorbidities, and advanced age/frailty 
(Table 3), even though with what priority each 
one of these criteria should be considered is not 
clear at present (current recommendations from 
scientific societies also do not provide this spe- 
cific information). In younger patients without 
documented macrovascular disease or the above- 
mentioned conditions, the goal of attaining an 
HbAi c < 6.5-7.0% may provide long-lasting bene- 
fits. In patients with limited life expectancy, more 
liberal HbA lc values may be pursued. In deter- 
mining the HbAi c target for CVD prevention, one 



should consider that at least three to five years are 
usually required before possible differences in the 
incidence of nonfatal MI in T2D are observed. 2 
Thus, a clinical setting that allows tight glucose 
control to be implemented for this period of time 
should be available. Finally, an excess mortality was 
observed in the ACCORD study in those T2D in- 
dividuals who showed an unexpected increase in 
HbAi c levels upon institution of intensive glucose 
control. 25 Accordingly, patients exhibiting the pat- 
tern of worsening glycemic control when exposed to 
intensive treatment should be set at higher glucose 
targets (Table 3). 

The above guidelines are apparently incorpo- 
rated into the updated version of the American 
Diabetes Association and the European Associa- 
tion for the Study of Diabetes recommendations 
on the management of hyperglycemia in nonpreg- 
nant adults with T2D. The new recommendations 
are less prescriptive and more patient centered. In- 
dividualized treatment is explicitly defined as the 
cornerstone of success. Treatment strategies should 
be tailored to individual patient needs, preferences, 
and tolerances and based on differences in age and 
disease course. Other factors affecting individual- 
ized treatment plans include specific symptoms, co- 
morbid conditions, weight, race/ethnicity, sex, and 
lifestyle. 26 

Current "imperfect" glucose-lowering 
drugs 

The inability of ACCORD, ADVANCE, and VADT 
to demonstrate significant reductions in CVD out- 
comes with intensive glycemic control also suggests 
that current pharmacological tools for treating hy- 
perglycemia in patients with more advanced T2D 
may have counterbalancing consequences for the 
cardiovascular system. The available agents used to 
treat diabetes have not been conclusively shown 
to reduce macrovascular disease and, in some in- 
stances, their chronic use may promote negative 
cardiovascular effects in diabetic subjects despite 
improvement of hyperglycemia. Importantly, these 
adverse cardiovascular side effects appear in several 
instances to be directly due to the mode of drug ac- 
tion. Selection of a treatment regimen for patients 
with T2D includes evaluation of the effects of med- 
ications on overall cardiovascular risk. 27 

Sulfonylureas have the benefit of acting rapidly 
to lower glucose levels but, unfortunately, on a 
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long-term basis these drugs do not preserve (3 cell 
function, and after the first year of therapy glucose 
levels start to rise progressively There are a num- 
ber of controversial studies suggesting that sulfony- 
lureas may increase the risk for CVD in patients with 
diabetes. Although this is a topic that remains to be 
settled, it appears to be clear that these drugs do not 
directly reduce the risk for CVD. 19,28 ' 29 

Thiazolidinediones may cause weight gain, and 
this effect is often associated with blood volume ex- 
pansion. In addition, thiazolidinediones have been 
associated with an increased risk of congestive heart 
failure and, in the case of rosiglitazone, an increased 
risk of CVD. 30 ' 31 Currently, rosiglitazone has been 
discontinued in the European market and its use 
in the United States has been largely restricted. By 
contrast, a meta-analysis of trials of the thiazo- 
lidinedione pioglitazone indicated the possibility of 
an ischemic cardiovascular benefit. 32 Pioglitazone 
has been shown to exert a number of beneficial ef- 
fects on cardiovascular risk factors: it lowers blood 
sugar levels, improves diabetic dyslipidemia, and is 
effective in raising HDL cholesterol and lowering 
triglycerides and apolipoprotein B100, while dis- 
playing a neutral effect on LDL cholesterol. Piogli- 
tazone also reduces the levels of C-reactive protein 
and a number of inflammatory markers that are in- 
creased in T2D, while increasing adiponectin, which 
adds to its insulin-sensitizing and anti-atherogenic 
potential. 33-35 However, in spite of the ample pre- 
clinical and clinical evidence based on interme- 
diate endpoints, the results from large random- 
ized controlled studies with clear clinical endpoints 
have not fully met expectations. In the PROac- 
tive (PROspective pioglitAzone Clinical Trial In 
macro Vascular Events) study, pioglitazone did not 
significantly reduce the primary composite cardio- 
vascular endpoint (only 10% reduction, which was 
nonsignificant). 36 Nevertheless, the major cardio- 
vascular events (MACE) endpoint of cardiovascu- 
lar death, stroke, and MI was modestly but signif- 
icantly decreased by 16% (P = 0.027), and several 
meta-analyses of all of the published pioglita- 
zone data, including an analysis by the FDA, have 
supported this magnitude of reduction. 37,38 In a 
post hoc subgroup analysis on patients with pre- 
vious MI, pioglitazone reduced fatal and nonfatal 
MI by 28% and acute coronary syndrome by 37%. 39 

It has been suggested that insulin, particularly 
in high doses, may be atherogenic. 40 All of the 



Table 4. Potential cardiovascular impact of incretin- 
based therapies 

Effects (direct and indirect) 

Myocardial protection against ischemia 
Changes in CV risk factors (traditional, 

nontraditional) 
Arterial vasodilation 
Mechanisms (cellular and biochemical) 
Inhibition of apoptosis (endothelial cells, 

myocardiocytes, and cardiac progenitors) 
Antagonism of cytokines — >• inhibition of 

inflammation and atherogenesis 
eNOS activation and endothelial-dependent 

vasodilation 
DPP-4 dependent (GLP-1 independent?) 

pathways 
Information from clinical studies 

Reduced incidence of MACE (post hoc analyses 

from phase II/III trials) 
Need for long-term intervention trials 

Abbreviations: CV, cardiovascular; DPP-4, 
dipeptidylpeptidase-4; eNOS, endothelial nitric oxide 
synthase; GLP-1, glucagon-like peptide-1; MACE, major 
adverse cardiovascular events. 



long-term insulin trials also have shown that in- 
sulin therapy is associated with weight gain and, 
of course, weight gain and obesity are indepen- 
dent risk factors for CVD. 41 Some studies have also 
shown that insulin stimulates de novo lipogenesis 
and, in some cases, may aggravate underlying dys- 
lipidemia. 42 Thus, insulin may not be the ideal drug 
if one is concerned about reducing cardiovascular 
risk in T2D associated with overweight or obesity. 

Glucagon-like peptide-1 (GLP-l)-based thera- 
pies may exert potential favorable effects on the CV 
system, in addition to targeting of hyperglycemia 
in T2D individuals. It should be noted that the use 
of GLP-1 receptor agonists and DPP-1 inhibitors 
in ACCORD, ADVANCE, and VADT has been very 
limited or lacking. GLP-1 receptor agonists have a 
positive impact on cardiovascular risk factors that 
are not specifically addressed by standard diabetes 
medications (Table 4). 43 ' 44 Both liraglutide and ex- 
enatide reduce excess weight and blood pressure 
and improve the lipid profile. Further, GLP- 1 ana- 
logues have been documented to have a direct na- 
triuretic effect and a direct action of endothelial 
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vasodilatation. 45 ' 46 Additional data show that li- 
raglutide reduces several markers of cardiovascular 
risk, such as C-reactive protein, type 2 natriuretic 
peptide, and PAI-1. 47 A potential role of these drugs 
in the context of heart failure or coronary artery 
disease is also suggested by the evidence that con- 
tinuous infusion of GLP-1 is associated with im- 
provements in left ventricular function in patients 
with acute MI and severe systolic dysfunction and 
in patients with congestive heart failure. 4 49 The 
protective effect of GLP- 1 and GLP- 1 analogues on 
ischemic and reperfusion injury, largely mediated 
by inhibition of apoptosis, have been documented 
in several animal models, showing that these com- 
pounds may reduce infarct size and improve out- 
comes after experimental MI. 50-52 A potent anti- 
apoptotic effect on human cardiac progenitors has 
recently been reported by a recent study. 53 In the 
light of these findings and the ability of GLP-1 re- 
ceptor agonists to reduce multiple cardiovascular 
risk factors and to exhibit potential favorable effects 
on the cardiovascular system, it has been postulated 
that these drugs may reduce cardiovascular events 
and mortality; however, direct evidence for such 
effects is lacking at present. Long-term studies are 
underway with liraglutide, the long-acting prepa- 
ration of exenatide, exenatide LAR, and the GLP- 
1 analogues lixisenatide and dulaglutide to assess 
whether in large patient cohorts (in excess of 5,000) 
followed for five years or longer incretin-based med- 
ications can reduce the incidence of CVD. 54 

Dipeptidyl peptidase-4 (DPP-4) inhibitors do not 
reduce body weight but are certainly weight neutral. 
From the standpoint of weight neutrality, this is an 
advantage of the DPP-4 inhibitor drug class, since 
other glucose-lowering drugs, such as thiazolidine- 
diones, sulfonylureas, and insulin, tend to promote 
weight gain. Although evidence is limited, DPP-4 in- 
hibitors have also been shown to produce some ben- 
eficial effects on blood pressure and lipid levels. For 
example, in patients with moderate hypertension 
and no diabetes, the DPP-4 inhibitor sitagliptin (50- 
100 mg, OD) reduced systolic and diastolic blood 
pressure by more than 2 mm Hg compared with 
placebo. 55 Sitagliptin also reduced plasma triglyc- 
eride levels by 10-15% and increased HDL choles- 
terol by more than 5% in doses of 25-100 mg daily as 
monotherapy in patients with T2D over 12 weeks. 56 
Moreover, DPP-4 inhibitors may exploit the favor- 
able actions of GLP- 1 on the cardiovascular system 
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by increasing the bioavailability of this hormone 
and, additionally, may potentially exert cardiopro- 
tective effects via non GLP- 1-mediated mechanisms 
involving other peptides. 54 Currently, the effects of 
the DPP-4 inhibitors on cardiovascular outcomes 
are being addressed in long-term intervention stud- 
ies using sitagliptin, saxagliptin, and linagliptin. 54 

Role of hypoglycemia and weight gain in 
response to treatment intensification 

Excess mortality with intensive glycemic treatment 
in the recent megatrials could be potentially re- 
lated to the negative effects of hypoglycemic events. 
However, it is unclear whether this was casual or 
related to hypoglycemic events identifying fragile 
patients. 

Hypoglycemia was increased in all the intensive 
therapy groups of the three megatrials. Rates of se- 
rious hypoglycemia were highest in the ACCORD 
study and the VADT. 35 Severe hypoglycemia has 
been suggested to be responsible for excess deaths 
in the ACCORD study; the rate of hypoglycemic 
events requiring medical assistance was 1 0.5% in the 
intensive treatment group compared to 3.5% in the 
conventional therapy group. 4 In the VADT, 2 1 .2% of 
patients in the intensive treatment group had at least 
one serious adverse event related to hypoglycemia 
compared with 9.9% in the conventional therapy 
group. 5 In the ADVANCE study, 2.7% of the inten- 
sive group compared with 1.5% of the conventional 
therapy group had a severe hypoglycemic event. 3 In 
the UKPDS, the insulin treatment group had the 
most episodes of serious hypoglycemia (mean pro- 
portion 2.3% per year over 10 years) followed by the 
sulfonylurea group (0.4-0.6% per year). 41 It is bi- 
ologically plausible that severe hypoglycemia could 
increase the risk of cardiovascular death in partic- 
ipants with high underlying CVD risk. This might 
be further confounded by the development of hypo- 
glycemia unawareness, particularly in patients with 
coexisting cardiovascular autonomic neuropathy (a 
strong risk factor for sudden death). Death result- 
ing from a hypoglycemic event may be mistakenly 
ascribed to coronary artery disease, because there 
may not have been a blood glucose measurement 
and because there are no anatomic features of hy- 
poglycemia detected postmortem. 57 

In healthy individuals, acute hypoglycemia pro- 
vokes sympathoadrenal activation and counter- 
regulatory hormonal secretion. 58 This mechanism 
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plays an important role in protecting the brain 
from neuroglycopenia through altering blood flow 
in the brain and other metabolic changes to restore 
blood glucose to normal. In healthy individuals, 
this does not cause detrimental effects. In patients 
with diabetes who have already developed endothe- 
lial dysfunction, acute hypoglycemia leads to acute 
hemodynamic and hematologic changes, which ul- 
timately lead to increased risk of tissue ischemia and 
major vascular events, including MI and stroke. 57 
Indeed, hypoglycemia stimulates the release of cat- 
echolamines, which increase myocardial contractil- 
ity, workload, and cardiac output, potentially induc- 
ing myocardial ischemia in patients with coronary 
heart disease. Hypoglycemia is also associated with a 
significant lengthening of the corrected QT interval 
in subjects with diabetes, predisposing to a high risk 
of ventricular tachycardia and sudden death. 59 In- 
creased catecholamine secretion and hyperinsuline- 
mia may lead to hypokalemia during hypoglycemic 
events, thereby potentiating cardiac repolarization 
abnormalities. Several inflammatory markers, in- 
cluding C-reactive protein, interleukin (IL)-6, IL-8, 
tumor necrosis factor alpha, and endothelin- 1, have 
been shown to be increased during hypoglycemia, 
thus potentiating endothelial injury and abnormal- 
ities in coagulation and platelet function and re- 
sulting in increased risk for cardiovascular events. 57 
Recent studies suggest that vessel wall stiffness is in- 
creased during hypoglycemia in patients with type 1 
diabetes (T1D) of longer duration than those with 
shorter duration. 60 Thus, hypoglycemia may di- 
rectly contribute to the increased risk of cardio- 
vascular events and mortality, especially in patients 
with longer disease duration. 

However, recent post hoc analyses and follow- 
up data from the ACCORD study have somehow 
dampened this concept; severe hypoglycemia was 
associated with an increased risk of death within 
each study arm, but among participants who expe- 
rienced at least one episode of hypoglycemia the risk 
of death was higher in the standard arm than in the 
intensive arm (4.5% vs. 2.8%, respectively, annual- 
ized mortality rates for hypoglycemic events requir- 
ing medical assistance, P = 0.009). 61 Furthermore, 
a greater drop in HbA [c levels within the first four 
months of the study, occurring particularly in the 
intensive arm, was not associated with an increased 
risk for hypoglycemia. 61 Also, the excess deaths from 
any cause (primarily cardiovascular), observed in 



the intensive arm at the end of the intervention 
for 3.7 years, persisted after a follow-up period of 
1.3 years, in spite of similar HbAi c levels, use of 
glucose-lowering medications, and rates of severe 
hypoglycemia in the intensive and standard inter- 
vention groups. 62 Together, these analyses have sug- 
gested that hypoglycemia may not account for the 
excess mortality associated with intensive glucose 
lowering in the ACCORD study and may instead be 
a marker of vulnerability that increases the risk for 
death in patients with diabetes, even when glycemia 
is controlled less intensively. 61 A similar conclusion 
was drawn from analyses of data in the ADVANCE 
study. 63 On the basis of these observations, indis- 
criminate application of intensive glucose-lowering 
therapies that can provoke dangerous hypoglycemia 
in elderly people with T2D or in patients with overt 
CVD should be avoided. 

Another plausible mechanism for increased mor- 
tality in the ACCORD study includes weight gain. 
The ACCORD study and the VADT enrolled over- 
weight and obese patients, with mean BMI values of 
32 kg/m 2 in ACCORD and of 31 kg/m 2 in VADT. 4 - 5 
The ADVANCE trial started with fewer overweight 
patients with an average BMI of 28 kg/m 2 . 3 Patients 
in both trials had the greatest weight gain in the 
intervention groups: the ACCORD intensive group 
gained 3.5 kg compared with 0.4 kg in the standard 
group; the VADT intensive group gained 8.2 kg com- 
pared to 4.1 kg in the standard group. The UKPDS 
also had significant weight gain in the insulin and 
sulfonylurea arms (insulin, 4.0 kg; glybenclamide, 
1.7 kg; chlorpropamide, 2.6 kg). 2 There was much 
less difference in weight gain between groups in the 
ADVANCE and the UKPDS on metformin. 2 64 

Drug-drug interactions 

The use of multiple combinations of glucose- 
lowering medications was required in the intensive 
arms of the megatrials in order to achieve near- 
normal HbAi c levels. For example, in the ACCORD 
study, 42% of participants in the intensive therapy 
group received three or more classes of oral agents, 
either alone (17%) or in combination with insulin 
(25%), whereas such combinations were used in 
19% of the participants in the standard therapy 
group. 4 It is likely that the increase in mortality in 
the ACCORD study was related to the overall treat- 
ment strategies for intensifying glycemic control in 
the study population. Therefore, another possible 
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Table 5. Multifactorial intervention for CVD prevention in T2D 





"The lower 


More aggressive therapy 


Specific drug regimens with 




the better" 


beneficial in specific patients 


prominent CV benefit 


HbA lc 


No 2,4,5 


Ypc2)4,5 (vnnncr/lnncr lifp pynprtanrv 

1.1-0 I V UUlltL/lUlitL 1111- \ A W*- \_ I <l 1 1 \_ V , 

short duration of T2D, 
well-controlled T2D, no CVD, no 
hypoglycemia, HbAi c reduction 
upon IGC) 


Yes m 36 . 39 - 64 (metformin 
pioglitazone) 


Blood pressure 


No 13 


Usually No 24 (except when 
proteinuria > 1 g/day) 


No evidence 


Lipids 


Yes 24 


Yes 24 (very high CV risk; evidence of 
CVD) 


Yes (?) 17 (Fenofibrate plus statin in 
high trygliceride/low HDL-C 
phenotype) 



Abbreviations: CV, cardiovascular; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; IGC, 
intensive glucose control; T2D, type 2 diabetes; ?, evidence derived from a single intervention trial. 



cause of the higher death rate in the intensive 
treatment group of the ACCORD study, compared 
with the ADVANCE study and the VADT, includes 
undetected adverse interactions among the various 
drug classes used at high doses (Fig. 2). Whether 
similar findings would have been observed with 
newer glucose-lowering therapies or different drug 
combinations is unknown. 

Conclusions 

The recent publication of the findings from the 
ACCORD trial, the ADVANCE trial, and the VADT 
has provided important insights into the balance 
of risks and benefits associated with the use of 
more intensive glucose control in patients with T2D. 
However, the relationship between control of hy- 
perglycemia and cardiovascular risk remains largely 
controversial. 

The results of the ACCORD study indicate for 
the first time that aggressive treatment to nor- 
malize blood glucose levels may not be appropri- 
ate in certain high-risk populations, possibly due 
to an increase in the risk of hypoglycemia and 
weight gain. Thus, individualization of therapy be- 
comes important. The HbA lc goal for T2D patients 
should be individualized based on the duration of 
diabetes, preexisting CVD, hypoglycemia unaware- 
ness, comorbidities, response to therapy, and frailty 
(Table 3). For selected individual patients, lower 
HbA lc goals than the general goal of <7.0% should 
be considered if this can be achieved without sig- 



nificant hypoglycemia or other adverse effects of 
treatment. Such patients might include those with 
short duration of diabetes, long life expectancy, 
and no significant CVD. Conversely, less strin- 
gent HbAi c goals than the general goal of <7% 
may be appropriate for patients with a history of 
severe hypoglycemia, limited life expectancy, ad- 
vanced microvascular or macrovascular complica- 
tions, extensive comorbid conditions (Table 3), or 
those with long-standing diabetes in whom the 
general goal is difficult to be attained despite dia- 
betes self-management education, appropriate glu- 
cose monitoring, and effective doses of multiple 
glucose-lowering agents including insulin. Also, car- 
diovascular risk reduction requires comprehensive 
assessment and management of all known con- 
tributing risk factors (Table 5). Smoking cessation 
and lipid, blood pressure and weight control should 
be emphasized. 

The advent in clinical practice of new classes of 
drugs, such as the incretin-based therapies, could 
be useful to this end. Although only limited clin- 
ical data are currently available on the utility of 
such therapies, they seem to meet the ideal profile a 
glucose-lowering drug that has long-term efficacy, 
low risk of hypoglycemia, cardiovascular protection, 
neutral effect on body weight or weight loss, long- 
term safety, and tolerability. At present, GLP-1 re- 
ceptor agonists and DPP-4 inhibitors seem promis- 
ing. If data on cardiovascular efficacy of these drugs 
is borne out by the long-term ongoing studies, they 
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could acquire a prominent role among therapeutic 
options, not only as add-on treatments, in cases of 
inadequate glucose control with metformin, but also 
as an early strategy to reduce the burden of diabetes 
and its vascular complications. 
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